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(54) Printhead, head cartridge and printer using the printhead 



(57) A printhead, constructed with a plurality of com- 
mon-type element substrates which sandwich a con- 
necting board, which performs printing by utilizing a 
common-type control signal. The element substrate in- 
tegrates: a plurality of heaters 101 which are arrayed in 
one line, power transistors 102, a shift register 104, a 
latch circuit 117, an AND circuit 119, terminals 114 to 
116 for inputting block-selection signals, a terminal 120 
for inputting an inverse instruction signal which instructs 
to invert the block selection signal, a block inverter 121 
for inverting the block-selection signal in accordance 
with the inverse instruction signal, and a 3 to 8 decoder 
118 for selecting one of a plurality of blocks. By utilizing 
a printhead where at least two of the element substrate 
are arranged opposite to each other, and where plural 
arrays of printing elements are formed, printing is per- 
formed by dividing a plurality of printing elements into a 
plurality of blocks and time-divisionally driving each 
block. When this printing is performed, the inverse in- 
struction signal inverts the order of block selection which 
has been inverted because of the element substrates 
arranged opposite to each other. 



FIG. 4 
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Description 

BACKGROUND OF THE INVENTION 



The present invention relates to a printhead, head 
cartridge and a printer using the printhead and. more 
particularly, to a printhead and head cartridge for per- 
forming printing in accordance with an ink-jet printing 
method, and a printer using the printhead. 

Increasing interest has been brought to the ink-jet 
printing method where printing is performed by dis- 
charging ink from small orifices (discharge orifices) onto 
a print medium such as fabric, paper, sheet material and 
the like, because the method provides various advan- 
tages: for instance, noise generated at the time of print- 
ing is so small that it can be ignored; high-speed printing 
is possible; printing is realized by fixing ink on so-called 
regular sheets of paper without any special processing. 

A number of techniques have already been pro- 
posed as a method of ink-jet printing. For instance, the 
ink-jet printing method disclosed in Japanese Patent 
Application l^id-Open No. 54-51837 and German Pub- 
lication (DOLS: Deutschland Offenjegungsschrift) No. 
2843064. has a different feature from those of other ink- 
jet printing methods in the way that heat energy is given 
to liquid (ink) to generate driving force for ink discharge. 

According to the printing method disclosed in each 
of the above-mentioned patent publications, the liquid 
activated by heat energy changes its stale due to rapid 
increase in volume. Driving force generated by the 
change in the slate causes discharging of the liquid from 
an orifice (discharge orifice) provided at the end of a 
printhead, forming a discharging droplet, and the droplet 
adheres to a print medium to form a pixel, thereby exe- 
cuting printing. In particular, the printing method dis- 
closed in DOLS No. 2843064 is not only effectively ap- 
plied to so-called drop-on-demand printing, but also 
contributes to easy manufacturing of a full-line type 
printhead. that is. a printhead having a size as large as 
the width of the print medium and having multiple orific- 
es arrayed in line, and in addition, contributes lo have 
the discharge orifices at high density. Accordingly, the 
printing method is advantageous in a way that an image 
having high resolution and high quality can be obtained 
at high speed. 

The printhead of an ink- jet printing apparatus adopt- 
ing aforementioned printing method is configured with: 
an ink nozzle comprising a discfiarge orifice provided to 
discharge an ink droplet and a liquid channel connected 
to the discharge orifice, and an element substrate of the 
printhead integrating an . electrothenrrol transducer 
(heater) for generating heat energy. The liquid channel 
constitutes a part of a heating unit where heat energy 
acts on the liquid. 

Since the printhead normally has plural discharge 
orifices, plural heaters are arrayed in line on an element 
substrate in correspondence with the discfiarge orifices. 
Furthermore, another type of element substrate of the 



printhead has been developed where the element sub- 
strate includes, in addition to the plural heaters arrayed 
in line, a driver provided in one-to-one correspondence 
with the heater for driving each of the heaters in accord- 
5 ance with image data, a shift register for parallelly out- 
putting image data, which has been serially inputted, to 
each driver, and a latch circuit for temporarily storing the 
data outputted by the shift register. Normally, the ele- 
ment substrate is designed such that the number of bits 
10 of image data stored in the shift register is equal to the 
number of the heaters. For instance^ if the number of 
heaters is 64 (the number of discharge orifices are 64). 
64-bit shift registers are utilized. 

The element substrate integrating the above-de- 
is scribed circuits is manufactured by monolithicaily form- 
ing an IC (Integrated Circuit) having a Bi-CMOS struc- 
ture (a structure including a bi polar transistor and a 
CMOS transistor) on. e.g.. a silicon substrate, and fur- 
ther forming a heater as a heating unit. 
20 Fig. 6 is an equivalent circuit diagram showing an 
internal configuration of a logical circuit integrated in the 
element substrate of the conventional printhead having 
64 ink discharge orifices. As shown in Fig. 6. the element 
substrate includes 64 heaters 101 (heating elements: 
25 HI, H2, H64) arrayed in one line, and power transis- 
tors 102 serving as drivers are provided in one-to-one 
correspondence with each heater 101 . One end of each 
heater 101 is connected to a terminal 110 provided to 
supply power for driving healers, and the other end is 
30 connected respectively to a collector of a corresponding 
power transistor 1 02. An emitter of the power transistor 
102 is commonly connected to a common terminal 111 . 

The period of time each power transistor 102 is 
turned on is controlled in accordance with a pulse signal 
35 inputted to a heat-pulse-width input terminal 107. Inr^ge. 
data (DATA) from an external unit is serially inputted (e. 
g., b1 . b2, ... b64) to a shift register 104 in a unit of one 
bit. In the output side of the shift register 104. a latch 
circuit 117 is provided. The shift register 104. connected 
40 to a clock input terminal 105 and a data input temiinal 
1 06. executes shift operation in accordance with a clock 
(CLK) inputted to the clock input terminal 105. In addi- 
tion, on the element substrate, a power supply terminal 
108 for supplying power to the logical circuit portion e. 
45 g., the shift register 104, latch circuit 117 and the like, 
arid a ground terminal (GND) 109 are provided. The 
aforementioned elements are the minimal structural el- 
ements necessary for the logical circuit of the printhead. 
It is a known fact in the ink-jet printhead that, by de- 
50 creasing the number of discharge orifices which simul- 
taneously discharge ink. it is possible to appropriately 
refill ink from an ink tank to a liquid channel, possible to 
prevent image quality from deterioratk^n and possible to 
realize high-quality printing. Therefore, the logical circuit 
55 is designed such that the printhead is divided into a 
number of bk>cks (8 bk>cks in Fig. 6) so that adjacent 
discharge orifices do not simultaneously discharge ink. 
To achieve the divided control, the logical circuit 
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comprises input terminals 114, 115 and 116 where 3-bit 
block-selection signals (B2, B1 and BO) are paratlelly in- 
putled, a 3 to 8 decoder 118 for decoding the block-se- 
lection signals inputted to the input terminals 1 1 4 to 1 1 6 
into a signal tor each block, input terminals 112 and 1 1 3 
where an odd-numbered-element selecting signal 
(hereinafter referred to as an ODD signal) and an even- 
numbered-element selecting signal (hereinafter re- 
ferred to as an EVEN signal) are respectively inputted, 
and AND circuits 1 1 9 each corresponding to the respec- 
tive power transistor 102. The logical circuit is designed 
such that the 64 power transistors are divided into 8 
blocks each having 8 transistors, and that adjacent pow- 
er transistors, that is, an odd-numbered element (HI , 
H3, ...> H63) and an even-numbered element (H2, 
H4. .... H64). are sepeirately driven, so that the number 
of transistors simultaneously driven is four at the maxi- 
mum. 

Four types of signals are inputted to each AND cir- 
cuit 119. Each AND circuit 119 drives corresponding 
power transistor 102 on the basis of a logical AND of a 
signal (BLK1 , BLK2, BLK8) outputted by the 3 to 8 
decoder 118 for a corresponding block, a pulse signal 
(ENB) inputted to the heat-pulse-width input terminal 
107. odd-numbered element or even-numbered ele- 
ment selecting signals (ODD or EVEN), and a signal out- 
putted by the latch circuit 117. 

For instance, if a block-selection signal 32 (MSB) 
is inputted to the input terminal 114, a block-selection 
signal B1 is inputted to the input terminal 115, and a 
block-selection signal BO (LSB) is inputted to the input 
terminal 116 (where B2=B1=B0=0), an output signal 
BLK1 outputted by the 3to8 decoder 118 becomes "ON" 
and the heaters HI, H2, H8 are selected. Further, 
when an ODD signal is inputted to the input terminal 112, 
odd-numbered heaters HI . H3. H5 and H7 are selected. 

Note that the power transistor 102 is formed by bi- 
polar process, and the logical circuit portion (shift regis- 
ter 104, latch circuit 117, 3 to 8 decoder 118 and AND 
circuit 119 and so on) is formed by CMOS process. 

In the foregoing conventional example, as shown in 
Fig. 7A, a single connecting board 302 is sandwiched 
by two element substrates 301. Thus, to construct a 
printhead as shown in Fig. 7B, plural element substrates 
are arranged opposite to each other. Thus, referring to 
Fig. 7B, heaters on the upper element substrate are ar- 
rayed in the order of HI . H2. ... from the left, while heat- 
ers on the lower element substrate are arrayed in the 
order of HI, H2, ... from the right In other words, the 
order of heaters' array is opposite for the upper and low- 
er element substrates. Accordingly, a problem arises in 
that, when printing is perfonmed with the printhead hav- 
ing the above-described configuratran, in order to match 
the order of data input with the order of heaters* array, 
the order of inputting a block-selection signal from an 
external unit (printer) must be changed for the upper el- 
ement substrate andthe lower element sufcistrate, or wir- 
ing for the upper element substrate or lower element 



substrate must be changed. 

In order to solve the above problem, various im- 
provement have been made on the construction of the 
element substrate of the printhead. 
5 For instance, Japanese Patent Application Laid- 

open No. 2-281973 discloses a printhead, comprising 
a driving I C for a case where the printhead is construct- 
ed with the identical-type element substrates arranged 
opposite to each other, to enable signal input from right 
10 to left or left to right of the healers' array, so that the 
direction of signal input can be appropriately selected. 

However, according to the printhead disclosed in 
Japanese Patent Application Laid-Open No. 2-281973, 
the number of signal terminals which are provided to en- 
is able bi-directional signal input is doubled. Therefore, 
since an element substrate even larger than the con- 
ventional size is required in order to implement the sig- 
nal terminals on the element substrate, it is difficult to 
down-size the element substrate. This problem also 
20 causes increase in manufacturing cost of the apparatus. 
Moreover, the printhead integrates the heaters for heat- 
ing ink to discharge ink droplets and the IC for driving 
the heaters on separate element substrates. Thus, 
down-sizing of the printhead is not easily realized. Fur- 
2S thermore, when terminals for inputting block-selection 
signals in the printhead are connected to corresponding 
terminals of a printer, the connection positions have to 
be changed, taking a direction of an element substrate 
into consideration. This results in cornplicated manufac- 
30 turing process of the printhead. 



SUMMARY OF THE INVENTION 

The present invention has been made in consider- 

35 ation of the above situation, and has as its object to pro- 
vide a printhead which is constmcted with a plurality of 
common-type element substrates that sandwich a con- 
necting board, and which is driven by a common-type 
control signal, a head cartridge and a printer using the 

40 printhead. 

According to one aspect of the present invention, 
the foregoing object is attained by providing a printhead, 
integrating a plurality of printing elements arrayed in one 
line on one element substrate and a k>gical circuit for 

45 operating the plurality of printing elements, for perform- 
ing printing by dividing the plurality of printing elements 
into a plurality of btocks and time-divisionally driving 
each block, comprising: a first terminal for inputting a 
block-selection signal which selects one of the plurality 

50 of blocks; a second terminal lor inputting an inverse in- 
struction signal which instructs to invert the block-selec- 
tion signal; an inverse circuit for inverting the block-se- 
lection sigrial in accordance with the inverse instruction 
signal; and a selectk>n circuit for selecting one of the 
55 plurality of blocks in accordance with an output of the 
inverse circuit, wherein the first and second terminals, 
the inverse circuit and the selection circuit are integrated 
on the element substrate. 
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Furthermore, it is possible to provide a prinlhead 
wrhere at least two ot the above-described element sub- 
strate, arranged opposite to each other, are used, and 
where plural arrays ot printing elements are formed. 

According to another aspect ol the present inven- 
tion, the foregoing object is attained by providing a print- 
er using the printhead having the above-described con- 
struction. 

Herein, it is preferable to perform controlling in the 
printer such that a high-level inverse instruction signal 
is inputted to the second terminal of one of the two ele- 
ment substrates arranged opposite to each other, while 
a low-level inverse instruction signal is inputted to the 
second terminal of the other element substrate of the 
two element substrates. 

Note that the printhead having the above-described 
construction is an ink-jet printhead which performs print- 
ing by discharging ink, and preferably includes a heat 
energy transducer for generating heat energy to be pro- 
vided to ink. 

According to still another aspect of the present in- 
vention, the foregoing object is attained by providing a 
head cartridge comprising the printhead having the 
above-described construction, and an ink tank contain- 
ing ink to be supplied to the printhead. 

One remarkable feature of the present invention is 
in that, on the element substrates ot the ink-jet print- 
head, a terminal for inputting an inverse instruction sig- 
nal of a block-selection signal is provided to block-divid- 
ing means which divides the plurality of heat-energy 
generating elements into a plurality of blocks and time- 
divisionally drives each block. Accordingly, when a plu- 
rality of element substrates are combined to construct 
an ink-jet printhead, the block-selection signal does not 
need to be changed for each element substrate. 

In accordance with the above-mentioned invention, 
the printhead integrates: a plurality of printing elements, 
arrayed in one line, on one element substrate; a logical 
circuit for operating the plurality of the elements; the first 
terminal for inputting a block-selectron signal which se- 
lects one of a plurality of blocks; the second terminal for 
inputting an inverse instruction signal which instructs to 
invert the block-selection signal; an inverse circuit for 
inverting the block-selection signal in accordance with 
the inverse instaiction signal; and a selection circuit for 
selecting one of the plurality of blocks in accordance 
with the inverted block-selection signal, wherein the 
printhead, including at least two or more of the element 
substrate arranged opposite to each other and including 
plural arrays of printing elements, is utilized. When print- 
ing is performed by time-divisionally driving the printing 
elements in a block unit, the inverse instmction signal 
inverts the order of the block selection which has been 
inverted because of the element substrates arranged 
opposite to each other 

Thus, the invention is particularly advantageous 
since the order of the block-selection signal does not 
need to be changed for each element subsUate. In ad- 



dition, a common method can be used to control the 
common-type element substrate. Accordingly, a printer 
using the prinlhead according to the present invention 
does not have to perform complicated print control, thus, 
5 it is possible to reduce the processing load performed 
by control circuits in the printer. 

By virtue of the above, in a case where a large scale 
printhead is to be constructed by combining a large 
number of the element substrates, the common-type el- 
10 ement substrates can be controlled by the common 
method so that manufacturing cost can be reduced. In 
addition, by virtue of the common-type element sub- 
strate and the common controlling method, the increase 
in the number of signal terminals in the printhead can 
IS be minimized. Therefore, down-sizing and cost reduc- 
tion of the printhead can be realized. 

Other features and advantages ot the present in- 
vention will be apparent from the following description 
taken in conjunction with the accompanying drawings. 
20 in which like reference characters designate the same 
or similar parts throughout the figures thereof. 



BRIEF DESCRIPTION OF THE DRAWINGS 

25' The accompanying drawings, which are incorporat- 
ed in and constitute a part of the specification, illustrate 
the embodiment of the invention, and together with the 
description, serve to explain the principles of the inven- 
tion. 

30 

Fig. 1 is a perspective view showing an outer ap- 
pearance of an ink-jet printer IJRA as a typk:al em- 
bodiment of the present invention; 
Fig. 2 is a block diagram showing an arrangement 
35 of a control circuit of the ink-jet printer IJRA; 

Fig. 3 is a perspective view showing an outer ap-. 
pearance of the ink-jet cartridge IJC having a struc- 
ture where a printhead IJH and an ink. tank IT are 
separable; 

40 Fig. 4 is an equivalent circuit diagram showing an 
internal configuration of a logical circuit of the print- 
head IJH; 

Fig. 5 is an equivalent circuit diagram showing an 
internal configuration of a logical circuit of the print- 

45 head as a modified example; 

Fig. 6 is an equivalent circuit diagram showing an 
internal configuration of a logical circuit integrated 
in the element substrate of the conventional print- 
head having 64 ink discharge orifices; and 

so Figs. 7A and 78 are an explanatory view illustrating 

the structure of a printhead where a connecting 
board 302 is sandwiched by two of an element sub-, 
strate 301. 

55 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Preferred embodiment of the present invention will 
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be described in detail in accordance with the accompa- 
nying drawings. 

<Briet Description ot Apparatus Main Unit> 

Fig. 1 is a perspective view showing an outer ap- 
pearance of an ink-jet printer IJRA as a typical ennbod- 
tment of the present invention. Referring to Fig. 1 , a car- 
riage HC engages with a spiral groove 5004 of a lead 
screw 5005, which rotates via driving force transmission 
gears 5009 to 5011 upon fonward/reverse rotation of a 
driving motor 5013. The carriage HC has a pin (not 
shown), and is reciprocally scanned in the directions of 
arrows a and b while being supported by a guide rail 
5003. An integrated ink-jet cartridge IJC, incorporating 
a printhead IJH and an ink tank IT, is mounted on the 
carriage HC. Reference numeral 5002 denotes a sheet 
pressing plate, which presses a paper sheet P against 
a platen 5000, ranging from one end to the other end of 
the scanning path of the carriage HC. Reference numer- 
als 5007 and 5008 denote photocouplers which serve 
as a home position detector for recognizing the pres- 
ence of a lever 5006 ot the carriage in a corresponding 
region, and are used for switching, e.g., the rotating di- 
rection of the motor 501 3. Reference numeral 501 6 de- 
notes a member for supporting a cap member 5022, 
which caps the front surface of the printhead IJH; and 
5015, a suction device for sucking ink residue through 
the interior of the cap member. The suction device 501 5 
performs suction recovery ot the printhead via an open- 
ing 5023 of the cap member 5015. Reference numeral 
5017 denotes a cleaning blade; 5019, a member which 
allows the blade to be movable in the back-and-forth di- 
rection of the blade. These members are supported on 
a main unit support plate 5018. The shape of the blade 
is not limited to this, but a known cleaning blade can be 
used in this embodiment. Reference numeral 5021 de- 
notes a lever for initiating a suction operation in the suc- 
tion recovery operation. The lever 5021 moves upon 
movement of a cam 5020, which engages with the car- 
riage, and receives a driving force from the driving motor 
via a known transmission mechanism such as clutch 
switching. 

The capping, cleaning, and suction recovery oper- 
ations are performed at their corresponding positions 
upon operation of the lead screw 5005 when the car- 
riage reaches the home-position side region. However, 
the present invention is not limited to this arrangement 
as long as desired operations are performed at known 
timings. 

An ink-jet printer IJRA having the above-described 
configuration includes a print sheet automatic feeder 
(not shown) for automatically feeding a print sheet R 

<Descriptton of Control Circuit> 

Hereinafter, description will be provided on the con- 
trol circuit for exectiting print control of the above-de- 



scribed printer. Fig. 2 is a block diagram showing an ar- 
rangement of a control circuit of the ink-jet printer IJRA. 
Referring to Fig. 2 showing the control circuit, reference 
numeral 1700 denotes an interface for inputting an im- 
5 age signal; 1701, an MRU; 1702, a ROM for storing a 
control program executed by the MPU 1701; and 1703, 
a DRAM for storing various data (aforementioned image 
signals, or image data supplied to the printhead IJH, and 
the like). Reference numeral 1704 denotes a gate array 
10 (G. A.) for performing supply control of print data to the 
printhead IJH. The gate array 1704 also performs data 
transfer control among the interface 1700, the MPU 
1701, and the DRAM 1703. Reference numeral 1710 
denotes a carrier motor for conveying the printhead IJH; 
IS and 1709, a conveyance motor for conveying a printing 
sheet. Reference numeral 1705 denotes a head driver 
for driving the printhead IJH; and 1706 and 1707, motor 
drivers for driving the conveyance motor 1709 and the 
carrier motor 1710. 
20 The operation of the aforementioned control struc- 
ture is now described. When a print signal is inputted to 
the interface 1700, the print signal is converted to print 
data by the gate array 1704 and MPU 1701 intercom- 
municating with each other. As the motor drivers 1706 
25 and 1707 are driven, the printhead IJH is drrven in ac- 
cordance with the print data transferred to the head driv- 
er 1705, thereby performing printing. 

In the foregoing arrangement, description has been 
provided assuming that the ink lank JT is integrated in 
30 the integrated-type ink-jet cartridge IJC together with 
the printhead IJH. In addition to the ink-jet cartridge hav- 
ing such configuration, an ink-jet cartridge, where the 
ink tank (container) for maintaining ink to be supplied to 
the printhead IJH is separable from the cartridge, may 
35 be utilized. 

Fig. 3 is a perspective view showing an outer ap- 
pearance of the ink-jet cartridge IJC having a structure 
where a printhead IJH and an ink tank IT are separable. 
Referring to Fig. 3, reference numeral 500 denotes 
40 an ink-discharge nozzle; and 501 , an element substrate 
where driving circuits and logfcal circuits of the printhead 
are integrated. In the ink-jet cartridge IJC shown in Fig. 
3, the printhead IJH having a plurality of discharge ori- 
fices 500 can be separated at the boundary line K from 
45 the ink tank IT containing ink to be supplied to the print- 
head IJH. The ink-jet cartridge IJC includes an electrical 
contact portion so as to receive an electrical signal from 
the carriage HC when mounted on the carriage HC. The 
printhead IJH is driven by the received electrical signal. 
so The ink tank IT includes a fibrous or porous ink absoriD- 
ing member for maintaining ink. 

Supplying of ink to the ink tank IT which constitutes 
the ink-jet cartridge IJC is performed in the following 
manner. More specifically, an ink supplying pipe or the 
55 like is connected with the ink tank IT to form an ink in- 
troducing path for introducing ink. Ink is supplied to the 
ink tank (container) through the ink introducing path. As 
an ink supply opening in the ink tank IT, an ink supply 
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cjpening to the printhead UK an air supply opening, or 
a hole opened on a wall of the ink container, may be 
used. 

Fig. 4 is an equivalent circuit diagram showing an 
internal configuration of a logical circuit of the printhead 
IJH. This example in Fig. 4 is constructed basically the 
same as the logical circuit of the printhead explained 
with reference to Fig. 6. The same reference numerals 
are assigned to the common compositional elements, 
and description thereof will be omitted. 

With reference to Fig. 4, reference numeral 1 20 de- 
notes an input terminal for inputting an inverse instruc- 
tion signal (INV) which instructs whether or not 3-bit 
block-selection signals (B2. B1 and BO), inputted in a 
unit of one bit respectively by the input terminals 11 4 to 
116, are to be inverted. Reference numeral 1 21 denotes 
a block inverter which inverts the block-selection signals 
(B2, B1 and BO) and outputting the inverted signal to the 
3 to 8 decoder 118. 

According to the present embodiment, when the in- 
verse instruction signal (INV) inputted to the input ter- 
minal 120 is "LOW, the 3-bit block-selection signals 
(B2, B1 and BO) are inputted to the 3 to 8 decoder 118 
without being inverted, so that the block selection similar 
to the conventional example is executed. On the other 
hand, when the inverse instruction signal (INV) is 
"HIGH*, the 3-bit block-selection signals (B2, B1 and 
BO) are inverted by the block inverter 121 and inputted 
to the 3 to 8 decoder 118. 

For instance, assuming that 3-bit block-selection 
signals (B2, B1 and BO) are all "0" and the inverse in- 
struction signal INV is "LOW." the output signal BLK1 of 
the 3 to 8 decoder 118 will become "ON.' thus the heat- 
ers HI, H2 , H8 are selected as similar to the con- 
ventional example. However, assuming the same block- 
selection signals, if INV is "HIGH," the block-selection 
signal actually inputted to the 3 to 8 decoder 11 8 will be 
■1 ■ for all the 3 bits, thus the output signal BLK8 of the 
3 to 8 decoder 118 will become "ON." As a result, heat- 
ers H57. H58. .... H64 are selected. 

On account of the above configuration, for instance, 
in a case where printing is to be performed by utilizing 
the printhead having the structure as shown in Figs. 7A 
and 7B where plural element substrates are combined, 
when heaters arranged at the upper element substrate 
are driven for performing printing, a signal is outputted 
to the input terminaM20 of the upper element substrate 
to output "LOW" inverse instruction signal (INV). Mean- 
while, when heaters arranged at the lower element sub- 
strate are driven for performing printing, a signal is out- 
putted to the input terminal 120 of the lower element 
substrate to output "HIGH" inverse instruction signal 
(INV). Accordingly, the printhead is driven without con- 
sidering the order of the array of the logical circuit inte- 
grated in the element substrates. 

Note that in a case where two element substrates 
are integrated opposite to each other, the MPU 1701 of 
the printer executes controlling such that data is trans- 



ferred in the order of b1 . b2, .... b64 to the shift register 
integrated in one of the element substrateS: while to the 
other element substrate, data is transferred in the order 

of B64, B63 B1. With respect to the ODD signal and 

5 EVEN signal, the f\/IPU 1 701 executes control such that 
while an ODD signal and EVEN signal are respectively 
inputted to the input terminals 1 1 2 and 1 1 3 of one of the 
element substrates, an EVEN signal and ODD signal 
are respectively inputted to the input terminals 112 and 
10 113 of the other of the element substrates. 

According to the above-described embodiment, it is 
possible to realize time-divisional control in the print- 
head by utilizing the common-type control signal and the 
common-type element substrate, without changing 
IS block-selection signals (B2, B1 and BO) or the hardware 
interface between the printhead and the printer, by sim- 
ply adding, to the logical circuit of the printhead. a ter-. 
minal for inputting an inverse instruction signal (INV) 
from the printer, and a circuit for inverting a block-selec- 
20 tion signal in accordance with the inverse instruction sig- 
nal (INV). 

In addition, according to the present embodiment, 
it is not necessary to double the number of signal termi- 
nals in the printhead, as the conventional example does: 
25 Therefore, the size of the element substrate can be kept 
small, contributing to down-sizing of the printhead. 

Furthermore, as shown in Fig. 5 which shows a 
modification of the above-described embodiment, the 
block inverter 121 may be provided as a circuit to invert 
30 and output also the ODD signal and EVEN signal. By 
comprising such inverter 121. in a case where two ele- 
ment substrates are integrated opposite to each other, 
the ODD signal and EVEN signal can be commonly in- 
putted, thus it is possible to realize the preferable con- 
35 figuration of the present invention. 

Note that in the foregoing description, as shown in 
Figs. 7A and 7B, the printhead having a structure where 
the two element substrates are integrated opposite to 
each other has been exemplified. However, the present 
40 invention is not limited to this. For instance, the present 
invention is applicable to a printhead constructed such 
that a plurality of units, each unit having two element 
substrates arranged opposite to each other to sandwich 
a grooved member, are combined. For instance, the 
45 present invention is applicable to a color printhead 
which comprises four element substrates (four nozzle 
arrays) v\rtiere two of the aforementioned unit are com- 
bined, for discharging color ink: black, magenta, cyan 
and yellow, from the respective element substrates 
so (nozzle arrays). 

From the ink-jet printing method, the foregoing em- 
bodiment particularly adopts means (e.g. an electrother- 
rr^l transducer, laser beam and the like) for generating 
heat energy to be applied to discharge ink, and the 
55 method of utilizing the heat energy to change the state 
of ink, thereby realizing printing at high density in high 
precision. 

As the typical arrangement and principle of the ink- 
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jet printing systenn» one practiced by use of the basic 
principle disclosed in, for example, U.S. Patent Nos. 
4,723,129 and 4,740.796 is preferable. The above sys- 
tem is applicable to either one of so-called an on-de- 
mand type and a continuous type. Particularly, in the 
case of the on-demand type, the system is effective be- 
cause, by applying at least one driving signal, which cor- 
responds to printing information and gives a rapid tem- 
perature rise exceeding film boiling, to each of electro- 
thermal transducers arranged in correspondence with a 
sheet or liquid channels holding a liquid (ink), heat en- 
ergy is generated by the electrothermal transducer to 
effect film boiling on the heat acting surface of the print- 
head, and consequently, a bubble can be formed in the 
liquid (ink) in one-to-one correspondence with the driv- 
ing signal. By discharging the liquid (ink) through a dis- 
charge opening by growth and shrinkage of the bubble, 
at least one droplet is formed. If the driving signal is ap- 
plied as a pulse signal, the growth and shrinkage of the 
bubble can be attained instantly and adequately to 
achieve discharge of the liquid (ink) with particularly high 
response characteristics. 

As a pulse-form driving signal, signals disctosed in 
U.S. Patent Nos. 4,463.359 and 4.345,262 are suitable. 
Note that further excellent printing can be performed by 
using the conditions described in U.S. Patent No. 
4,313,124 of the invention which relates to the temper- 
ature rise rate of the heal acting surface. 

As an arrangement of the printhead, in addition to 
the arrangement as a combination of discharge nozzles, 
liquid channels, and electrothermal transducers (linear 
liquid channels or right angle liquid channels) as dis- 
closed in the above specifications, the arrangement us- 
ing U.S. Patent Nos. 4,558,333 and 4,459,600. which 
disclose the arrangement having a heat acting portion 
arrariged in a flexed region is also included in the 
present invention. In addition, the present invention can 
be effectively applied to an arrangement based on Jap- 
anese Patent Laid-Open No. 59-123670 which disclos- 
es the arrangement using a slot common to a plurality 
of eleclrolhermal transducers as a discharge portion of 
the electrothernnal transducers, or Japanese Patent 
Laid-open No. 59-138461 which discloses the arrange- 
ment having an opening for absorbing a pressure wave 
of heat energy in correspondence with a discharge por- 
tion- 
Furthermore, as a full line type printhead having a 
length corresponding to the width of a maximum printing 
medium which can be printed by the printer, either the 
arrangement which satisfies the full-line length by com- 
bining a plurality of printheads as disclosed in the above 
specification or the arrangement as a single printhead 
obtained by forming printheads integrally can be used. 

In addition, not only a cartridge type printhead in 
which an ink tank is integrally arranged on the printhead 
itself as described in the above embodiment, but also 
an exchangeable chip type printhead, which can be 
electrically connected to the apparatus main unit and 



can receive ink from the apparatus main unit upon being 
mounted on the apparatus main unit, can be applicable 
to the present invention. 

It is preferable to add recovery means for the print- 
5 head, preliminary auxiliary means, and the like to the 
arrangement of the printer of the present invention, 
since the printing operation can be further stabilized. Ex- 
amples of such means include, for the printhead, cap- 
ping means, cleaning means, pressurization or suction 
10 means, and preliminary heating means using electro- 
thermal transducers, another heating element, or a 
combination thereof. It is also effective for stable printing 
to provide a preliminary discharge mode which perfornr^ 
discharge independently of printing. 
IS Furthermore, as a printing mode of the printer, not 
only a printing mode using only a primary color such as 
black or the like, but also at least one of a multicolor 
mode using a plurality of different colors or a full-color 
mode achieved by color mixing can be implemented in 
20 the printer either by using an integrated printhead or by 
combining a plurality of printheads. 

In addition, the ink-jet printer of the present inven- 
tion may be used in the form of a copying machine com- 
bined with a reader, and the like, or a facsimile appara- 
25 tus having a transmission/reception function in addition 
to an image output terminal of an infonnation processing 
equipment such as a computer. 

The present invention can be applied to a system 
constituted by a plurality of devices (e.g. , host computer. 
30 interface, reader, printer and the like) or to an apparatus 
comprising a single device (e.g., copy machine, facsim- 
ile apparatus and the like). 

As many apparently widely different embodiments 
of the present invention can be made without departing 
35 from the spirit and scope thereof, it is to be understood 
that the invention is not limited to the specific embodi- 
ments thereof except as defined in the appended 
claims. 
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Claims 



A printhead, integrating a plurality of printing ele- 
ments arrayed in one line on one element substrate 
and a logical circuit for operating the plurality of 
printing elements, for performing printing by divid- 
ing the plurality of printing elements Into a plurality 
of blocks and time-divisionally driving each block, 
characterized by comprising: 

a first terminal (114, 115, 116) for inputting a 
bkx;k-selection signal which selects one of the 
plurality of blocks; 

a second terminal (120) tor inputting an inverse 
instruction signal which instructs to invert the 
block-selection signal; 

an inverse circuit (121) for inverting the block- 
selection signal in accordance with the inverse 
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instruction signal; and 

a selection circuit (118) for selecting one of the 
plurality of blocks in accordance with an output 
of said inverse circuit, 

wherein said first and second terminals (114. 
115, 116, 120). said inverse circuit (121) and 
said selection circuit (118) are integrated on the 
element substrate. 

2L The printhead according to claim 1, wherein the 
block-selection signal is expressed by 3-bit data, 
and 

said selection circuit is a 3 to 8 decoder which 
inputs the 3-bit block-selection signal and gener- 
ates eight output signals each having one bit. 

3. The printhead according to claim 1, wherein each 
of the plurality of printing elements includes a heater 
(101) and a power transistor (102). 

4. The printhead according to claim 1 . wherein the log- 
ical circuit includes: 

a shift register (104) for inputting an image sig- 
nal and temporarily, storing the irnage signal; 
a latch circuit (117) for latching the image signal 
stored in said shift register; and 
an AND circuit (119) for calculating a logical 
AND of an output of said latch circuit, an output 
of said selection circuit and an enable signal 
which drives the plurality of printing elements. 

5. The printhead according to claim 4, wherein said 
AND circuit calculates the togical AND by inputting 
a first instruction signal (ODD) which instructs to 
drive odd-numbered printing elements among the 
plurality of printing elements, or a second instruc- 
tion signal (EVEN) which instructs to drive even- 
numbered printing elements among the plurality of 
printing elements. 

6. The printhead according to claim 5, whei^ein said 
inverse circuit inverts the first instruction signal and 
the second instruction signal in accordance with the 
inverse instruction signal. 

7. The printhead according to claim 1 . wherein at least 
two of the element substrate are arranged opposite 
to each other, and a plurality of arrays of the printing 
elements are formed. 

8. The printhead according to claim 1, wherein said 
printhead is an ink-jet printhead which performs 
printing by discharging ink. 

9. The printhead according to claim 8, wherein said 
printhead is a printhead which discharges ink by uti- 
lizing heat energy, and includes a heat energy gen- 



10. 



erator for generating heat energy to be provided to 
the ink. 

A cartridge (IJC) comprising the printhead claimed 
in claim 8 and an ink container (IT) containing ink 
to be supplied to said printhead. 



11. A printer using the printhead claimed in claim 7. 

10 12. A printer according to claim 11, further comprising 
control means for executing controlling such that a 
high-level inverse instruction signal is inputted to 
said second terminal provided in one of the two el- 
ement substrates arranged opposite to each other, 
IS and a low-level inverse instruction signal is inputted 
to said second terminal provided in the other of the 
two element substrates. 



20 



25 



1 3. A print head, printing apparatus or printing method, 
wherein means are provided for altering, for exam- 
ple inverting, a printing element selection signal to 
cause a different printing element or group of print- 
ing elements to be selected. 
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